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(54) Xltfe: WACUUtA DRUMS FOR PRINTING. AND DUPLEX PRINTERS 




(57) Abstract 

A vacuum drum assembly for a printing machine comprises a drum having an airay of passageways (40) distributed along ite length 
and around its periphery to pennit air to flow fiom ontskle the drum to inside tbe dnun in response to reduced air pressure inside the drum, 
and an array at valve members (52X each valve mesnber being movable between a doaed position in whidi that valve member restricts 
at least one of the passageways and an apca posidon in which the testriciloa of that passageway or those passageways is reduced. Tbe 
arrangement is sudi that, wfaen a peitial ama of the dium is wrapped with a dieet of material, at least some of the valves for the passageways 
adjacent die edges of ftat aiea am open, and dw valves for tbe passageways which are not covered by the sheet and are not adjacent the 
edges of that aiea an dosed. The open area (tf the dium is regulated audi that it is small in regions where there is no paper. Accoidingly. 
the open area of the dram is adapted to the abi^ and size of die paper and the position of the paper on the drum, whilst minimizing tbe 
required suction flow. A duplex printing machine comprises two such vacuum drum assemblies with their drums parallel. 'Hie air pressure 
inside die drums is reduced and die drums are counter-rotated. Material to be printed on is fed to the first drum so that the material can 
be held m die fint drum by vacuum and rotated ffaemwifh, and a first print head prints on one side of the material. The material is then 
released fnxa die first dinm in a direction towards the secoKl drum so that the material can be held con the second drum by vacuum and 
rotated dierewith, A seccnid print head dien prhits on die material on die second drum. The material is ttien leleased iiom die second drum. 
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32ILB 

Vacuum Dnuns for Printing, and Duplex Printers 

5 

This invention relates to printing machines and to vacuum drum assemblies for printmg 
machines, such as inkjet or laser printers. 

10 

It is known fortbe printing drum in a printing machine to employ a vacuum to hold &e 
paper or other material down on the drum. Such a drum mif^t have an array of ho les 
or pass ageways distributed along its length and around its periphery to pg rmit air to 
flow from outside the drum to insidethe drunLin jcsponse to reduced air pressure insid e 

15 the drum. In operation, a new sheet is fed to the rotating drum by a sheet feeder, and 
the vacuxmi c^tures it and rolls it on to the drum. As the drum and paper rotate, the 
paper passes one or more print heads vM.ch. are used to print on the paper with as many 
revolutions as is necessary. As soon as the leading edge of the ps^er passes the print 
head, or last print head, on its last pass, an ejector is used to remove the paper from the 

20 drum. As soon as the trailing edge of the paper has passed the sheet feeder, the next 
sheet of paper is fed. 

A problem which arises with such an arrangement is that, before the first sheet is fed, 
all of the holes or passageways in the drum are open, and therefore there is a large flow 

23 of air through the holes or passageways into the drum. Once a sheet is wrapped around 
the drum, some or all of the drum surface is closed, and a much lower flow of air is 
required. Particularly at the leading and trailing edges of the p^er, its stiffness works 
against the vacuum. If a low density of suction holes is provided, these edges may then 
be released inadvertently. Accordingly, the total area of die holes or passageways needs 

30 to be as large as possible. However, a large area means that, in the case where no 
paper is loaded, a large volume flow is required to achieve a sufficient pressure 
differential. This requires a large fan, is noisy, and produces a loud slapping noise 
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whea paper is fed. There is also the related problem that the maximum flow obtainable 
may be determined primarily by the relatively smaller flow area presented by the end 
of the dnrni. Much of the power of the fan is dissipated in overcoming the pressure 
loss throug^i this section, rather than producing a usefial pressure differential at the drum 
5 sur&ce. 

In accordance with a first a^ect of the present invention, tfa«e is provided a vacuum 
drum assembly for a printing m a chin e, comprising: 

a drum having an array of passageways distributed along its length and around 

10 its periphery to permit air flow from outside the drum to inside die drum in response 
to reduced air pressure inside the drum, and an array of valve members, each valve 
member being moveable between a closed position in which that valve member restricts 
at least one of the passageways and an open position in which the restriction of the at 
least one passageway is reduced; 

15 the arrangement being such that, when a partial area of the drum is wrapped 

with material to be printed, at least some of the valves for the passageways adjacem an 
edge of that area are open, and the valves for the passageways which are not covered 
by the material and are not adjacent an edge of that area are closed. 

20 A said valve member may be normally closed and may be opened by a pressure 
difference, for example between adjacent passageways. 

In one embodiment, each passageway is provided with a re^>€ctive such valve member. 
Each passageway could then be provided with a sensor for detecting, for example, the 
25 air pressure in that passageway upstream of the valve, or the air flow rate through the 
passageway, and the valve could be opened and closed in dependence upon the output 
of the sensor. Although possible, this would be a complicated arrangement. 



30 



In another embodiment, each of the valve members affects an adjacent pair of the 
passageways. In this case, the valve can be opened and closed automatically as a result 
of an imbalance or a balance of the pressures in the pair of passageways. 
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A particularly elegant and easily manufactured arrangement is possible when there are 
wall portions between adjacent pairs of the passageways, and each valve member 
comprises a butterfly valve pivotally mounted on a respective one of the wall pordons 
and biased towards its closed position. 

5 

The term '^pivotally mounted** is not intended to be limited to pin-jointed structure. It 
includes also arrangements in which the butterfly valve can tilt or rock about its (usually 
central) portion whereat it is attached to the wail portion. 

10 in accordance with a further embodiment of the invention, each passageway is provided 
with a valve member which may be opened by mechanical actuation; for example, the 
valve member may include actuating means which moves the valve member to the open 
position on mechanical contact with the material to be printed, in a preferred form of 
this embodiment, the actuating means comprises a portion of the valve member which 

IS is housed within the passageway and is dimensioned to be proud of the drum when the 
valve member is in the closed position so that, in service, the material to be printed, as 
it is fed to the drum, urges the actuating means into the passageway thereby moving the 
valve member to the open position. 

20 Preferably, the valve member is biased, suitably by resilient means, so that on removal 
of the material it moves back to the closed position. Alternatively, the valve member 
may be bistable; that is it may be biased towards closed when close to the closed 
position (thereby achieving good sealing) and also biased towards open when close to 
the open position: this is particularly useful for valve members near the edge of the 

25 material to be printed. A particular advantage of using a bistable valve in this context 
is that it ensures a fully open valve proximate the edge of the material to be printed. 
This is desirable since partial actuation of a valve (which might otherwise occur) may 
give rise to imperfect retention. 

30 The resilient means used to bias may have a non-linear re^onse. 
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Such an emhodimoit (unlike the above-mentioned embodiment whereiii each valve 
member comprises a butterfly valve pivotally mounted on one of the waU portions and 
biased to its closed position) ensures that aU such valve members remain in the open 
position until the removal of the tnaterial fi«n mechanical contact .vith the actuating 
5 TOans; the mateiM is thus held to the dnmi more definitely which faciUtates print 

definition, particularly in multiple pass printing. 

Each passageway may have a circutar. ammlar. elliptic or polygonal, suitably a regular 
polygonal, cross-section and the passageways may be arranged as a tessellation. The 
10 cross-section of each passageway is preferably square, althau^ other cross-secdonal 
shapes may be employed, such as triangular and hexagonal. 

The tcsseUanon may be such to provide rows of passageways generaUy parallel to 
thedrumaxis. It is preferred, however, that the rows are skew to the drum axis; ttas 
15 will emure that the leading and trailing edges of the material to be printed fidl at le.^ 

on some valves, ther*y ftcilitating its capture. 

The curvature of the external surfece of the drum about each passageway may be 
uniform; however, the external surface of the drum about each passage way may be flat 
20 or afford a spherical or cylindrical depression about the passageway, thereby 

the area over which the vacuum ftom each passageway can act on the materuil to be 
printed and again facilitating its capoae and retention. 

There may be means for damping movement of the valve members. Thusthewatt 
25 portions may be of energy-absorbing material and may be com^ected to the butterfly 

valves to effect said du ffipi n g . 

m a farther embodiment, there is provided material stripping means positioned within 
the d«m and actuatable to be urged into contact with the inside of the drum waU 
30 thereby moving all contacted vahre members ftom the open position to the closed 
positioa Preferably the stripping means is parallel wi& ihe drum axis and. suitably. 
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coextoisive wifli the laigth of the drum. In a prefered form of the embodiment die 
stripping means comprises anoiwJriven. but lotatablei cylinder and is suitably mounted 
at a station where the leading edge of the printed material is. after its final pass, 
required to be stripped. 

5 

In accordance with a second aspect of the present invention, there is provided a printing 
mchine. inctoding a vacumn drum assembly according to the first aspect of the 
inventioiL 

10 A third aspect of the present invention is concerned with duplex printing machines, that 
ismachineswhichcanprintonbothsidesofasheetofmateiiaL It is known to provide 
inlget and laser printers with a duplexing feciUty, for example by printing on one side 
of the material and then reversing the direction of feeding of the material and diverting 
its path so that it returns to the priming position effectively turned over. 



15 



In the accordance with a third aspect of the present invention, there is provided a duplex 
printing machine comprising: first and second vacuum drum assembHes each in 
accordance with the first aspect of the invention and with their drums paraUel; me^ 

to reducing the air pressure inside fte dnmis: meais for counter-rotating the dnm«^ 
20 means for feeding a sheet of material to be printed on to the first drum so that the 
nurterial can be held on the first drum by vacuum and rotated therewith; first printing 
means for printing on the material on the first drum; means for releasing the material 
fiom the first drum in a direction towards the second drum so that the material can be 
held on the second drum by vacumn and rotated therewith; second printing me«« fi>r 
23 printing on the material on the second drum; and means for releasing the material ftom 
the second drum. Although such a machine uses two drums and two printing means, it 
provides a very neai and compact arrangement 
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Since the vacuum dnim assemblies as described above will have less of a tendency 
violently to grab the leading edge of the material being fed onto them, the machines of 
the second and third aspects of the invention preferably further include, for the or each 
drum, means for holding or directing the material against or towards the or die 
respective dnmi at tiic position in which tiie material is fed on to the, or the respective, 
drum. These means may for example be a pinch roller or guide. 

This roller or guide optionally may press intermittently on to the drum, eg. only when 
a sheet of material is being fed on to die drum, and then withdraw. This will reduce 
any tendency for the roller or guide to offeet (transfer) still-wet ink from the sheet onto 
another portion thereof; or on to a subsequent sheet 

The diqilex configuration of drums may be provided independently of the first aspect 
of the invention. Therefore, in accordance with a fourtii aspect of the present invention, 
there is provided a duplex printing machine comprising: first and second parallel drums; 
means for counter^rotating the drums; means for feeding a sheet of material to be 
printed on to the first drum; means for holding the fed material on the first drum; first 
printing means for printing on tiie material on the first drum; means for releasing the 
material from die first drum in a direction towards fee second drum; means for hol^ 

the fed material on die second drum so as to be rotated therewitii; second printing 
means for printing on the material on die second drum; and means for releasing die 
material from the second drum. 

In one embodiment, die direction in which the material is released from die first drum 
towards the second drum is generally parallel to and opposite to die direction in which 
die matffial is fed onto die first drum; and die direction in which die material is 
released from die second drum is generaUy paraUel to and opposite to die direction in 
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which the material is fed onto the second drum. Said directions may be generally 
horizontal, if the sheets are stacked horizontally or vertical if the sheets are stacked 
vertically. 

5 Specific embodiments of the present invention will now be described, purely by a way 
of example, with reference to the accompanying drawings, in which: 

Pjg„y^ I is a schematic isometric view of a duplex printing machine; 

10 Figures 2 and 3 are schematic cross-sectional views through the wall of the drum 

showing two embodiments of arrangement of valve members. 

Figure 4 is a view from within Ae drum of second embodiment looking 

outwardly; 

15 

Figure 5 is a cross-sectional view through the drum of figure 4; 

Figure 6 is a schematic cross-sectional view through tiie waU of the drum 

showing a foitiier embodiment of arrangement of valve members; 

20 

Figure 7 is a schematic cross-sectioned view of the embodiment shown in 

Figure 6 in savice together with a grooved feed roller. 

Figure 8 is a schematic cross-sectional view of a part of the arrangement 

25 of figure 6 witii a valve in the open position and overlaid witii 

sheet material to be printed. 
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Figures 9(a) and (b) are schematic crosa-sectionai views of a yet further embodiment 
of airangement of valve members. 

Figure 10 is a schematic cross-sectioiied view showing an internally located 

5 strip roller, and 

Figure 11 is a schematic plan, looking radiaUy inward from the drum wall 

similar to that depicted in Figure 6 of a embodiment but m which 
(he valves are retained in a matrix. 

10 

Figures 12(a) and (b) arc schematic cross-sectional views of an alternative design of the 
male valve of the embodiment of figure 6. 

Figure 13 is a schematic cross-sectional view of a modification of the valve 

X5 of figure 12. 

Figure 14 is a graph representing the variation of the resistance F to 

deplacement d of the valve of figure 13 relative to inward 
deplacecnent d. 

20 

Figure 15 is a schematic cross-sectional view of a section of a vacuum 

drum incorporating the valve element of figure 11. 

Referring to figure I, a duplex printmg machine 10 has a paper input tray for holding 
25 a stack 12 of fresh paper and a feed roUer 14 which can be driven to feed the sheets of 
paper one at a time from the bottom f the stack 12 in a known fashion. The leading 
edge of the fed sheet of paper is directed horizontaUy mto a nip between a first vacuum 
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drum 16 and a pinch roUer 18 verticaUy above the &st vacuum drum 16. Air is drawn 
from the first vacuum drum 16 through its shaft 20 and the reduced air pressure in the 
drum 16 holds the paper to the drum as the drum rotates in the direction shown by the 
arrow in figure 1. A first Inkjet print head 22 (of a type known per se) is disposed 90' 
5 downstream from the pinch roller 1 8 around the axis of the drum 16. In operation, the 
drum 16 is rotated with the sheet held to the drum for as many revolutions as necessary 
for the inkjet head 22 to print the required information on the sheet. There may for 
example be four passes for four-colour printing using a page wide print head, or there 
may be multiple passes if the active width of the print head is less than the width of the 
10 sheet to be printed, the print head then being indexed as known per se between passes 
or groups of passes. An ejector 24 (known per se) di^osed beneath the first vacuum 
drum 16 is thai operated to lift the leading edge of the sheet from the drum 16 so that 
the leading edge is fed in a horizontal direction, opposite to the direction in which the 
sheet was originally fed from the stack 12. 

15 

The pinch roUer 18 is withdrawn from contact with the drum 16 by mechanism not 
shown shortly after the trailing edge of the fed sheet has passed on to the drum, and 
before the leading edge arrives back at the pinch roUcr for the first time as the dmm 
rotates. The pinch roller thus does not contact the freshly-printed surfece of the sheet 
20 and any tendency for ink to be picked-up by the surfece of the pinch roller and 
transferred to another part of the sheet or to a subsequent sheet (as in offset printing) 
is avoided. 

A similar arrangement to that described above is provided to receive the sheet fed from 
25 the first vacuum drum 16, namely a second withdrawable pinch roller 26, a second 
vacuum drum 28 which rotates in the opposite direction to the first vacuum drom 16, 
a second mlget print head 28. and a second ejector 32. In operation, the second vacuum 
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drum 28 is rotated with the sheet held to the dnan for as many revolutions as necessary 
for the second uilget head 30 to print the required mfonnation on the other side of the 
sheet. Then, when the second ejector 32 is operated, the leading edge of the sheet is 
lifted from the drum 28 so that the leading edge is fed in a horizontal direction, 
5 opposite to the direction in which the sheet was originally fed onto the second vacuum 
drum 28, towards an output tray which holds a stack 34 of the printed sheets. 

As an alternative to the pmch rollers 18, 26 there may be provided respective guides 
each in the form of an enclosed chute formed eg. of sheet material or plastics and 
10 terminating in an elongated slot extendmg across the druni. The chute is shaped to 
deliver the fed sheet close to and at a small angle to the surface of the drum so that its 
leading edge is promptly captured by the vacuum. 

It will be appreciated ftom the above description that a compact arrangement is 
15 provided. The bulky items are the input paper stack 12, the output p^ stack 34, the 

first and second inkjet print heads 22, 30 and the first and second vacuum drums 16. 

28- The input paper stack 12 is disposed above the second vacuum drum 28 and the 

second inlget print head 30. and has a short feed path to the first vacuum dr^ The 
- output p^er stack 34 is disposed below the first vacuum drum 16 and the first in« 
20 print head 22, and has a short feed path ficom the second vacumn drum 28. 

Furthermore, the feed path between the furst and second vacuum drums 16, 28 is also 

short. 

The cylindrical walls 36 of the vacuum drums 16, 28 wiU now the described in more 
25 detail with reference to figures 2 to 5, In these drawings, the curvature of the 
cylindrical wall has, for simplicity, not been shown. 
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Each drum wall 36 comprises a shell having a honeycomb arrangement of walls 38 
which fonn an array of radial passageways 40 between the outside to the inside of the 
drum. The out» surfece of the shell is covered with a cylindrical outer plate 42 which 
is perforated with an array of holes 44 having a finer pitch than the pitch of the walls 
5 38. In use, the sheet 46 of paper is held against the outer surface of the outer plate 42, 

la one anbodimcnt, shown in figure 2, each passageway 40 has a re^ective leaky 
butterfly valve 48 and a respective air pressure sensor 50 upstream of the valve 48 in 
the passageway 40. A mechanical or electrical arrangement connects each sensor 50 to 

10 its butterfly valve 48 so that when the air pressure detected by the sensor 50 is relatively 
high the butterfly valve 48 is closed, and when Ae detected air pressure is relatively low 
the butterfly valve 48 is open. Accordingly, if the passageway 40 is not blocked by a 
sheet 46 of paper, the detected air pressure will be only sHghtly below atmospheric 
pressure, and the butterfly valve 48 wiU be closed. However, if the passageway 40 is 

15 blocked by the sheet 46 of paper, the detected air pressure will ^proximate to the 
significantly lower pressure inside the drum 16/28, and the butterfly valve 48 will be 
open. 

Another embodunent is shown in figure 3, which has some similarity to figure 2. 

20 However, instead of a re^ectivc leaky butterfly valve 48 for each passageway 40, in 
figure 3 leaky butterfly valves 52 are mounted centrally at the radially-inner edges of 
the honeycomb forming walls 38. If the cross-section of each passageway 40 in the 
honeycomb arrangancnt is square, then each passageway 40 shares four of the butterfly 
valves 52 wth its adjacent passageways 40. The butterfly valves 52 are biased so tiiat 

25 they are normally in their closed positions. In figure 3, one of the passageways 40A 
is shown completely (or almost completely) blocked by the sheet 46 of p^er. The 
passageway 40B to the right of that passageway 40A is partly blocked by the leading 
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edge of the sheet 46 of p^er. and 4e pass^eway 40C to the left is not blocked, since 
die dieet 46 is still being fed onto die drum 1&2S. The air pressures on the butterfly 
valve 52 between the passageways 40A and 40C are not balanced, so that butterfly 
valve twists anticlockwise so as to reduce the pressure in Ac passageway 40C and also 
in the passageway 40A. Also, because the passageway 40B is only partly blocked, the 
air pressures on the butterfly valve 52 between the passageways 40A and 40B are also 
not balanced, so that butterfly valve twists clockwise so as to reduce the pressure in die 
passageway 40B to provide a greater effect in holding down the leading edge of the 
sheet 46 of paper. Although not shown in figure 3, the butterfly valves 52 mounted on 
the waU 38 to the right of the passageway 40B and on the watt 38 to the left of the 
passageways 40C may also twist sUghtly. Indeed computer modeUing of the apparatus 
suggests that superior results are achieved if this is the case. 

From the above, it wiU be appreciated that, with the embodiment of figure 3, if a sheet 
46 is not present on the drum 16/28, then aU of the butterfly valves 52 wiU be in their 
closed positions so that only a sUght reduction in pressure occurs at the surfece of ±e 
drum 16/28 due to the leakiness of the butterfly valves 52, and so that an unnecessarily 
high air flow rate is avoided. When the sheet 46 is being fed onto the drum 1 6/28, an 
increased vacuum is appUed at the edges of the area covered by the sheet 46. When the 
sheet 46 is fidly loaded onto the drum 16«8, then it is held down by increased vacuum 
at the edges of the sheet 46. However, at areas of die drum 16/28 away from die edges 
of the sheet 46. whether covered by the sheet 46 or not, the butterfly valves 52 are in 
their closed positions, so that only a reduced vacnnm is appUed and so that fliere is not 

an mmecessarily hi^ air flow in die regions not covered by the sheet 46. 

Moi« detaU of the construction of the embodiment of figure 3 will now be described 
with refermce to figures 4 and 5. 
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As mentioned above, each drum wall 36 corxqjiises a shell having a honeycomb 
arrangement of walls 38 vMch form an array of radial pass^eways 40 between the 
outside and the inside of tiie drum 16/28. As shown particularly m figure 4, the 
passageways 40 have a square cross-section. The cylmdrical outer plate 42, which is 

5 perforated with an array of holes 44. surrounds and is attached to the outer surface of 
the shell. All of flifi butterfly valves 52 are formed by a single cylindrical sheet 54 of 
a springy material. As shown particularly in figure 4. the dieet 54 is formed wi& an 
array of right-angled triangular slots 56, each of which has a break 58 in tiie slot 
halfway along the hypotenuse of the triangle. Between the hypotenuses of adjacent 

10 pairs of the triangular slots 56, portions 60 are formed which are aligned with the inner 
edges of the walls 38. Between the shorter sides of adjacent groups of four of the 
triangular slots 56, portions 62 are provided which form a cross across the passageways 
40. Due to the springiness of the sheet 54, each of die portions 60 enables tiic two 
triangular fl^s 64 to citfier side of it to move so as to form die butterfly valves 52. 



15 



Early studies suggest diat a suitable material for the sheet 54 is a plastics material eg. 
a polyimide such as KAPTON (trade mark). Also it is baieficial for die butterfly 
valves to be hi^y damped, eg. so that they exhibit at least (and preferably greater 
than) critical damping. To achieve this the drum waUs 38 may be made of. or at least 

20 faced with, sponge or foam rubber material. The butterfly valves are glued to this 
material along thek hypotenuses. Thus when a valve is deflected from its closed 
position, that portion of &e valve which moves inwards towards the centre of the drum 
expends energy by stretchmg the foam material to which it is attached, and the vaWe 
portion 64 which is deflected outwards from tius drum (into a passageway 40) expends 

25 energy by compressing the foam material. 
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Having described two embodiments of fte present invention, it wiU be ^)preciated that 
many modifications and developments may be made within the scope of the invention. 

For taaaaple, a mechanism may be placed at the printer output that staples duplex- 
5 printed sheets together along a centre line and then folds the sheets along that centre 

line, thereby to form a brochure or booklet, acarly. for this to work, the print data 
must be provided to the printer in such an order that the resulting pages of the booklet 
are tiiemselves in the correct order. 

10 Also, the vacuum drum technique maybe applied, for example, to printers which do not 
have the duplexing function and may be appHed to printers which do not employ the 
inkjet technique of printing. 

More than one sheet may be fed on to the drum simultaneously side-by-side; printing 
15 sheete of different sizes, eg. for photographic prints of difteent sizes, can thus easily 
be accompUshed in a single machine. Although described in the context of a sheet-fed 
printer, the vacuum drum may also be appUcable to holding-down the edges of web 
m^erial in contimious-web painting. 

20 Also, although the vacuum drmn has been Ulustrated as having passageways with a 
square cross-section, it should be noted that other shapes may be used, such as 
triangular, hexagonal and circular. 

The print heads 22.30 may be of the single colour or multi-colour type, or a plurality 
25 of different coloured print heads may be used, angularly spaced around each drum. 
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A further embodiment of the invention is shown in Figures 6 and 7. In this 
embodiment, the drum wall 36 simply comprises a metal sheet which is perforated with 
an array of holes 70 which, as depicted, are of circular cross-section although other 
cross-sections may be employed. Within the drum and in register with each such hole 
5 is an array of male valves 71, each of \i*ich comprises a chamfered, cylindrical collar 
72 upstanding in the hole and integral with an annular shoulder 73. Instead of a 
cylindrical collar (as shown) it may be of conical cross-section; and the conical axis 
may be orthogonal with the passageway axis or not. The valves 71 are biased 
outwardly in fluid-ti^t relationship to the drum wall by wall-mounted spring elements 
10 74 to fonn an annular seal 75 therewith while the collars 72 are dimensioned to be 
proud of the drum wall as a boss 76 when so biased. 

This embodiment may be utilised with feed roller 77, as shown in Figures 7 and 8. 
This roller has circumferential grooves 78 along its periphery and is mounted in paraUel 
15 with the drum so that the grooves 78 mate witfi the bosses 76. The roller is 
withdrawable from contact with the drum to position 77*, for the reason previously 
mentioned in relation to pinch roller 18/26. 

In use, sheet stock 79 (such as paper) to be printed is fed through the nip of guide 
20 rollers 80 and is urged by the feed roller 77 onto the drum. The rigidity of the sheet 
ensures that, as it is fed, it progressively depresses those bosses 76 with which it comes 
into contact; and that it spans the grooves 78 thereby maintaining the bosses 76 in the 
dq>rcssed position. The depression of the bosses opens the valves 71 against spring 
elements breaking seal 75; and these are maintained open by the action of the vacuum 
25 on the sheet 79 thereby creating a new seal between the paper and the drum wall 36. 
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Figure 8 illustrates a valve member from figure 6 in its opto, position and with a sheet 
of material to be printed attached. As mi^ be expected, sheet 79 does not Ue flat on 
the surfece of drum 36 but is di^laced sKghtly by boss 76. allowing die vacuum to act 
not only over that area of the sheet Tying directly over the hole 70 but over the greater 
5 aita A shown in die figure. This is significantly larger than that area (shown as B in the 
figure) of die valve over which die vacuum acts when the valve is closed. The resulting 
greater pressure force acts on sheet 79, overcomes die bias appUed by die spring 
elements 74 (figure 6) and holds die valve in its open position. 

10 It wiU be appreciated diat die degree of displacement of die paper and dMS die area A 
wiU be determined by die paper characteristics and an equiHbrium between die 
aforementioned greater force and die bias exerted by die spring elements. Thus a lower 
spring bias WiU result in a smaUer area A. as will a stiff paper having a reduced 
propensity to deform. As an alternative, area A may be defined by a depression or 

15 countersink formed in die external surface of die drum about each passageway, as 
shown in dashed lines in figure 8. 

In an alternative, non-illostrated embodiment of die invention, ^ffing dements 74 may 
be arranged in an "over-centre" fishion so as to bias valve member 71 into one of an 
20 open or closed position depending on die proximity of die valve member to diat 
position. Such a bistable valve arrangement is particularly useful at die edge of die 
material to be printed, where die partial actuation of a valve diat might odierwise occur 
could give rise to imperfsct retention. 

25 Figures 9(a) and (b) are sectional views of anodier bistable valve arrangement diat 
fimctions witiiout spring elements and operates instead on differential pressure. That 
is to say. when die valve is proximate its closed position, it is biassed to die closed 



W0 99/115S1 



PCT/GB98AI2«54 



- 17- 

position by differential pressure and vrfwn it is proxitnate its open position, it is biassed 
to the open position by differential pressure. As with the embodiment of figure 6, a 
valve member 140 having coUar 141 and shoulder 142 is arranged so as to be able to 
seal, more or less completely, with the edge of a hole 70 fonned in drum wall 36. A 
vacuum is generated within the drum as indicated at 143. Unlike previous embodiments, 
however, the lower suifiice 144 of shoulder 142 is isolated from the vacuum - for 
example by outwardly extending sealing membrane 145 - and exposed instead to 
atmospheric pressure soppUed to the space 146 below, for example, via an inlet 147 
formed in secondary drum skin 148 or via a bore 149 fonned in coUar 141 . As a result, 
valve member 140 is urged into the closed position shown by a pressure difference 
acting over annular area A. 

However, when valve member 140 is moved by the action of a sheet of paper 149 into 
the open position iUuatrated in figure 9(b). vacuum 143 is communicated to the 
depression 150 formed in the outer surface of the drum skin 36 around each hole 70. 
The area of depression 150 is chosen to be greater than that of the lower surfi«e 144 
by such an amomit (shown as B) that the resultant force exerted by the ambient pressure 
acting on the opposite surfiwe of the sheet to that exposed to the vacuum holds the 
valve member in the open pontion. 

Without the need for spring elements and the corresponding fine tolerances that these 
may require, the embodiment described above may be easier to manufacture, particularly 

by moulding. 

The printed sheet 79 may be stripped fixmi the drum as previously described. However, 
it may in preference be stdpped in accordance with a fiirther embodiment of the 
invention shown in Figure 10. In this embodiment, a strip roller 82 is mounted 
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internally to, and in parallel with, the drum. The roUer is withdrawable from contact 
widi the drum to position 82* to prevent stripping when multiple pass printing is in 
op nation. 

In use, the strip roller 82 is urged i^ainst the interior of the drum when the sheet 79 is 
to be stripped therefrom. This causes the roUer 82 to move the valves 71 into the 
closed position re-establishing seals 75. This isolates the vacuum from sheet 79 and 
also causes the bosses 76 to lift the sheet from the drum surface. The sheet then leaves 
the drum tangcntially and is collected in an output tray (not shown). 

While described in relation to the cmbodimait shown in Figures 6 and 7 it wiU be 
apparent that the strip roller of Figure 10 may also be used vwth the embodiment shown 
in Figures 2 and 3 in place of, or in addition to, ejector 24/32. 

15 With reference now to Figure 11. Acre is disclosed an alternative and in^roved system 
for mounting the valves. Directly beneath the drum wall (not shown) there is disposed 
a flat sheet of a thin material which has been worked (for example, by electroforming, 
laser cutting, chemical milling or other means) to form a hexagonal matrix 90 to which 
valve bases 91 are integrally joined by three, ^liral springs 94. (For clarity, only one 

20 set of springs has been illustrated.) The male valves (not shown) are moulded onto each 
such base. The matrix is joined to the drum wall at adhesion points 92. This system 
functions m the manner previously described. In an alternative form of manufacture the 
matrix, valve bases, spiral springs and valves may be formed by moulding (for example, 
by injection moulding) as a unitary assembly from an elastomer. 



25 



Figure 12(a) shows an alternative deagn of male valve to that shown in figure 6, A 
collar 100 of conical cross-section having a conical axis orthogonal with the passageway 
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axis, is provided and seals with an edge 101 of hole 70 formed in the drum wall 36. As 
shown in figure 12(b), the sealing surfece 102 of the drum 36 can be profiled to match 
to conical face of the moving valve element 100 - in the case where a valve does not 
seal perfectly due e.g. to manufacturing defects, where and tear, or random 
5 misalignment on closing of the valve, this latter arrangement wiU have a lower leakage 
flow rate (through the annular gap betweoi sealing surface 102 and value member 100) 
than the airangemoit of figure 12(a) where sealing takes place between sharp annular 
edge 101 and the valve member 100. 

10 As wiA the embodiment of figure 11, it may be advantageous to form a plurality of 
valve arrangements of figure 12 as a unitary assembly. Figure 13 is a sectional view of 
such an assembly fonned by moulding in a resilient material such as an elastomer: valve 
element 100 is fonned as part of an elastomcric sheet 1 13. which is attached to dram 
wall 36 by spacers 112 such that valve element 100 is urged into scaling contact wiA 

15 sealing surface 102 of drum skin 36. 

In the region between spacers 112 and valve member 100. the elastomcric sheet 
preferably has the form of a conical shell. This provides a non-linear resistance to the 
inward di^lacement, d, of valve member 100 having the general characteristic 

20 illustrated in figure 14: the resistance F to movement when the valve is closed, as 
indicated at C, is significantly greater than at higher values of D corresponding to the 
valve being in the open podtion. This characteristic ensures good sealing when the 
valve is closed without significantly opposing the attachment of paper to the drum when 
the valve is open. It has been found that suitable resistance characteristics are obtained 

25 with a conical fonn having an angle 1 14 to the plane lying normal to the conical axis 
115 in the range 1 5 to 45 degrees, an angle of 30 degrees having been found to provide 
the optimal characteristic. M vemcnt of the valve member 100 between closed and open 
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positions may be effected by the mechanisms described earlier with reference to figures 
10 and 11. 

Figure 15 is a section taken perpendicular to the axis 131 of a vacuum drum 
5 incorporating the valve element of figure 13. Elastomeric member 113 is advantageously 
secured to the spacers 112 of drum 36 by sprung cylindrical member 130 which is 
preferably split as indicated at 132, allowing it to be compressed {the state shown in 
figure 15) and removed from inside tiie drum. This in turn allows elastomeric member 
1 13 to be removed for maintenance and/or replacement Member 113 is further formed 
10 with holes 1 1 1 (figure 13) to permit the necessary communication between the surface 
of the drum skin 36 and the vacunm inside the drum, which may advantageously be 
generated by a pump located within the drum itself. 

In a non-illustrated variant of figure 15. drum sldn is itself formed as the sprung 
15 cylindrical member and is secured about a rigid inner cyUnder. with the elastomeric 
member 113 being sandwiched between the two. 

Each feature disclosed in this specification (which term includes the claims) and/or 
shown in the drawings may be incorporated in the invention dependently or other 
20 disclosed and/or illustrated features. 

The text of the abstract filed herewith is rqjeated here as part of the ^ecification. 

A vacuum drum assembly for a printing machine comprises a drum having an arr^ of 
25 passageways (40) distributed along its lengtii and around its periphery to permit air to 
flow from outside the drum to inside the drum m response to reduced air pressure inside 
the drum, and an array of valve members (52), each valve member being movable 



i 



W099/11S5I 



PCT/GB98A)2654 



-21- 

betwcen a closcai position in which that valve member restricts at least one of the 
passageways and an open position in which the restriction of that passageway or 
those passageways is reduced. The arrangement is saOi that, when a partial area of the 
drum is wn^iped with a sheet of material, at least some of the valves for the 

5 passageways adjacent Ae edges of the area are open, and the valves for the passageways 
which are not covered by the sheet and axe not adjacent the edges of that area are 
closed. The open area of Ae dnim is regulated such fliat it is small, or even zero, in 
regions where there is no paper. Accordingly, the open area of the drum is adapted to 
the shape and size of the paper and the position of the paper on the drum, whilst 

10 minimizing the required suction flow. 

A duplex printing machine comprises two such vacuum drum assemblies with their 
dnans paralleL The air pressure mside the drums is reduced and the drums are coumer- 
rotated. Material to be printed on is fed to the first drum so that the material can be 
1 5 held on ttie first drum by vacuum and rotated therewith, and a first print head pints on 
one side of the material. The material is then released from the first drum in a direction 
towards the second drum so that the material can be held on the second drum by 
vacuum and lotated therewifli. A second print head then prints on the material on the 
second drum. The mahaial is then rdeased firom the second drum. 
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CLAIMS 

1. A vacuum dmm assembly for a printing machine, comprising: 

a drum having an array of passageways distributed along its length and around 
its periphery to permit air to flow fi:om outside the drum to inside the drum in response 
to reduced air pressure inside the drum, and an array of valve members, each vahre 
member being movable between a closed poshion in which that valve member restricts 
at least one of the passageways and an open position in which the restriction of the at 
least one passageway is reduced; 

the arrangement being such that, when a partial area of the drum is wrapped 
with material to be printed, at least some of the valves for the passageways adjacent an 
edge of that area are open, and the valves for the passageways which are not covered 
by the material and are not adjacent an edge of that area are closed. 

2. An assembly as claimed m claim 1, wherem a said valve member is normally 
closed and is opened by a pressure difference. 

3. An assembly as claimed in claim 2 wherein a said valve member is opened by 
a pressure difference between adjacent passageways. 

4. An assembly as claimed in claim 1 or 2, wherein each passageway is provided 
with a respective such valve member. 

5. An assembly as claimed in claim 2 or 3, wherein each of the valve members 
affects an adjacent pair of the passageways. 

6. An assembly as claimed in claim 5, comprising: 
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wail portions between adjacent pairs of the passageways; 
each valve member comprising a butterfly valve pivotally mounted (as herein 
defined) on a respecdve one of the wall portions and biassed towards its closed position. 

5 7. An assembly as claimed in any preceding claim wherein each passageway has 
a circular, annular, elliptic or polygonal cross-section, and 
the passageways are arranged as a tessellation. 

8, An assembly as claimed m claim 6 or 7, wherein the cross-section of each 
10 passageway is genially square. 

9. An assembly as claimed in claims 1. 4, 7 or 8, wherein a said valve member is 
opened by mechanical actuation. 

15 10. An assembly according to claim 9. wherem the valve member comprises 
actuating means which moves the valve member to the open position on mechanical 
contact with the material to be printed. 

11. An assembly according to claim 9 or 10, wherein the valve member is biased 
20 so that on removal of the material it moves back to tiic closed position. 

12. An assembly according to claim 11, wherein the valve member is bistable being 
biased towards closed when proximate the closed position and also biased towards <^en 
when proximate the open position. 

25 
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13. An assembly according to claim 11 and including means for applying to the 
valve member a non-linear closing force that is greater when the valve is proximate the 
closed position than when proximate the open position. 

5 14. An assembly according to claim 13, wherein said means for applying a non- 
linear closing force comprises a conical sheU of resilient material. 

15. An assembly according to claim 14, wherein the conical shell defines an angle 
to the plane lying normal to the conical axis lying in the range 15 to 45 degrees, 

10 preferably 30 degrees. 

16. An assembly according to claim 14 or 15, wherein said valve member has 
sealmg means for sealing with a respective passageway in the drum, the sealing means 
being integral with said conical shelL 



15 



20 



17. An assembly according to claim 1 1 and wherein said biasing means generates 
a force on the valve member when open that is less than that force generated as a result 
of said reduced au- pressure acting on the material to printed. 

18. An assembly according to claim 17, wherein a depression or counter-sink is 
fomed in the surfece of the drum around each passageway. 



19. An assembly according to claim 12 and mcluding spring elements arranged in 
an over-centre fashion, thereby to bias said valve member into one of an open or closed 
25 position depending on the proximity of the valve member to that position. 
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20. An assembly according to claim 12, wherein a first area of said valve member 
is subject to said reduced air pressure so as to urge said valve into its closed position 
when proximate that closed position, and wherein a second area of said material to he 
printed is subject to said reduced air pressure so as to urge said valve into its open 

5 position when proximate that open position. 

21 , An assembly according to claim 20, wherein said second area is greater than said 
first area. 

10 22. An assembly according to claim 21, wherein the valve member has. on a first 
surface, a boss for mechanically contacting said material to be printed and wherein a 
second surface opposing said fixst surface communicates with atmospheric pressure. 

23. An asswnbly according to claim 22, wherein said first sur&ce is cngageable with 
15 the periphery of an associated passageway formed in said drum, thereby to restrict said 

passageway. 

24. An assembly according to claim 22 or 23, wherein said valve member is formed 
with a bore communicating the surface of said boss with said second surface. 

20 

25. An assembly according to any of claims 9 to 24, wherein said valve member has 
a conical surface for sealing wiUi a corresponding conical surface of the drum. 

26. An assembly according to any of claims 9 to 25, wherein a plurality of valve 
25 members are formed in a matrix, the matrix engaging the mner surface of said vacuum 

drum. 
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27. An assembly according to claim 26, wherein the matrix is resiliently urged 
against the inner surface of said vacuum drum by retaining means located within the 
drum. 

5 28. An assembly according to claim 26, wherein the drum is resiliently urged against 
said matrix by retaining means. 

29. An assembly as claimed in any preceding claim including means for dampio^ 
the movement of die valve members. 

10 

30- An assembly as claimed in claim 29 when dependent firom claim 6 wherein the 
wall portions are of energy-absorbing material and are connected to the butterfly valves 
to effect said damping. 

15 31. An assembly according to any preceding claim including printed material 
stripping means, which is positioned within the drum and actuatable to be urged into 
contact with the inside of the drum wall thereby moving all contacted valve members 
firom the open position to the closed position. 

20 32. An assembly according to claim 3 1 . wherein the printed material stripping means 
is mounted at a station where the leading edge of the printed material is required to be 
stripped. 

33. A vacuum drum assembly for a printer, substantially as described with reference 
25 to the drawings. 
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34. A printing machine, including a vacuum drum assembly as claimed in any 
preceding claim. 

35. A duplex printing machine comprising: 

5 first and second vacuum drum assemblies each as claimed in any preceding 

claim and with the drums parallel; 

means for reducing the air pressure inside the drums; 

means for feeding material to be printed on to the first drum so that the material 
can be held on the first drum by vacuum and rotated therewith; 
10 first printing means for printing on the material on the first drum; 

means for releasing the material fi-om the first drum in a direction towards the 
second drum so that the material can be held on the second drum by vacuum and 
rotated therewith; 

second printmg means for printing on the material on the second drum; and 
15 means for releasing the material from the second drum. 

36. A machine as claimed in claim 34 or 35, further including, for the or each drum, 
means for holding or directing the material against or towards the. or the re^ective, 



drum at the position in which fee material is fed on to the. or the respective, drum. 



20 



37. A duplex printing machine comprising: 
first and second parallel drums; 
means for counter-rotating the drums; 

means for feeding a sheet of material to be printed on to the first drum; 
25 means for holding the fed material on the first drum so as to be rotated 

therewith; 

first printing means for printing on the material on the first drum; 



wo 99/1 1551 



PCT/GB98/Q2654 



-28- 

means for releasing the material on the second drum so as to be rotated 
therewidi; 

second printing means for printing on the material on the second drum; and 
means for releasing the material &om the second drum. 

5 

38 . A machine as claimed in claim 35 or 37. or claim 36 when depmdcnt on claim 
35 wherein: 

the direction in which the material is released from the first drum towards the 
second drum is generally parallel to and opposite to the direction in which the material 
10 is fed onto the first drum; and 

the direction in which the material is released from the second drum is generaUy 
parallel to and opposite to the direction in which the material is fisd onto the second 
drum. 



15 



39. 



A printing machine, substantially as described with reference to the drawings. 
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